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(57) Abstract 

Blends of thermotropic liquid crystalline polymers 
and unfunctionalized poly(phenylene oxides) and a 
I Ton-conductive filler, in which the dispersed phase domain 
si« preferably is relatively small and present .in Aaaete 
Nicies These blends have excellent comparative tracking 
Sx and^Tbe used as molded articles in electron.es or 
electrical applications. 
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TITLE 

HIGH ARC TRACKING-INDEX POL Y(P HENYLENE OXIDE)-LIQUH) 
CRYSTALLINE POLYMER BLEND COMPOSITIONS 

FIELD OF THE INVENTION 
This invention relates to novel blends of poly(phenylene oxide), liquid crystalline 
polymers, and non-conductive fillers, and in particular, to such blends having improved 
combinations of high arc tracking-index, good toughness and good cosmetic appearance. 

R A fTCGROUND OF THE INVENTION 
Poly(phenylene oxide (PPO) and liquid crystalline polymers (LCP) are individually 
useful as molding resins for general purpose uses, and more specifically in the electrical and 
electronics industries due to their thermal stability, chemical resistance, and other desirable 
properties. However, each has limitations for certain electrical applications. 

Poly(phenylene oxide) exhibits good impact resistance's relatively inexpensive and 
has a high glass transition temperature which gives it good high temperature stifmess 
properties. The PPO is very viscous and fails to process well in typical thermoplastic 
fabrication equipment. Previous innovations to improve the processibility relied upon 
blending the PPO with other polymers, usually containing polystyrene or copolymers with a 
styrene derived component These innovations have been very successful at making widely 
useful PPO based materials (blends) that process very well (for example General Electric 
Plastic's Noryl® product fine). However, the PPO blends with polystyrene and similar 
copolymers have reduced glass transition temperatures and the resulting high temperature 
stifmess is lower than that of pure PPO by about 40°C or more. There are needs for a material 
with PPO's high temperature stifmess that processes well yet retains good toughness. 

Liquid crystalline polymers typically process very well and have good high 
temperature stiffness and good electric properties but are relatively expensive. Blends of PPO 
with LCP, particularly in combination with fillers for improved arc tracking-index, are 
potentially advantageous. However, it is commonly known that LCP's are generally 
incompatible with PPO, with or without fillers added. 

U.S. Patent No. 5,1 82,334 discloses that LCP/PPO blends tend to have large regions 
or domains of the individual polymers rather than fine, well-dispersed domains; large 
domains tend to produce poor properties. The LCP/PPO blends are said to be compatibilized 
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by reacting the add or ester fhnctionanty on the LCP with a hydroxy, on PPO in an acid 
catalyzed process. 

' US PalentNo.5,006,403 disclose S apolymcrcotnpo S iteofaboot5-97.5wt./.PPO 

and about 95 - 2.5 wt % LCP, with the mo components being present as separate phases in 
blends TTrcproduo.b.endwasasetf-reinforcedpolymoroomposite.inwhichtePPO.afte 

matrix, and the wholly aromatic polyester is in tire form of predominantly uni-directtonaUy 
oriented continuous fibers or strands, orienteti in the direction of extrusion. The self- 
reinforced composites are deemed to be particularly suitable for automotive and aerospace 
applicationsasreplacemen^forccrnposi.ecom^pr.ducedbysheetmo.drng 

compound technology. The increase in tensile shengtir demonstrated by these fiber self- 
remforced composite* is ofisetby the poor elongation properties (a measure of toughness) 
inherent with this type of morphology (due to the presence of relatively large continuous 

fibers or strands in the composites). 

PPO/LCP blends should exhibit good tracking properties for many e.ectncal and 
efectronic educations. Arc-hacking is aphenomenon associated with the formation of 
permanen,andprogressiveco„ductingpamsonthesurfaceofma.erialsbymecombmed 

effects of an electrical field and external surface pollution. Elechica. hacking can occur 
wh en a damaged energized electrical par. becomes wet, eg., from eleetrolytes or 
condensation. This hacking may lead to ftashover and arcing tita. causes further damage m 
fi.ee.ecfrica.parf.causingaca^shophiccnscadefai.ure. Tracking can occur at low voltages, 
eg .OuVACorlessburbeenmeslesslikdyasmevoltageisrednced The comparanve 
tracking index (CTI) rating provides a quantitative indication of a composition's ahthry to 

5 specimen. A voltage differential is then estabtished between the electrodes while an aqueous 
ionium chloride solution is slowly dripped on the tea, specimen. The CTI rating of tire 

specimen is the maximum elechode voltage differentia, a, which, in five conserve 
tests more man 50 drops of the solution must be applied to the test specimen m order to 
causetrackingtooccu, Hence, the CTI value is the voltage at which a molding is found to 

,0 exhibit conductivity. For some applications in the electrical and electronics industry, the CTI 
value is expected to be at least 220 volts. 
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US Patent No. 4.043,971 discloses a thcm.oplrf.polybutyleneterephtolat, 
mo ,ding con.posi.on containing abon, 5 to 60 wt. % culcium sulfate and/or barium smihte ,0 
^crease ta backing resistance However, this paten, does no, disriose or suggest ustng 
calcium sulfate in LCP/PPO blends. 

A need continues to exist for practice, and less expensive composes and methods 

exists for practical PPO/LCP b.end commons displaying good tracking index propels as 
wel , other destabl. characmristics of PPO/LCP blends, and comprising less expense 
constituents and fillers. 

ohmmarY OF T»f INVENTION 

Ommvenrionmcl«despo^«rb.e^c^rising(a)ab«»50 to 95we^^ 

^ on Ore total weight of component (a) and (b), of P o,y<pheny.ene oxide); (b) about 
50 weigh, percen, baaed on total weigh, of components (a) and (b), of thermotroptc h,u,d 

5 comparadve fiacking index (CTf, raring of the po,ymer blend to above 220 vote. 

A.sotacludedaremoMedanie.esc^prisingpolymerb^dsofour.nvent.on, 

induding applications in electronic and elecuical apparatus. 

Otblraspecta and embodimer* of our invention will be better understood tnvrew of 
fce Mowing deufied description of preferred embodiments and the accompanying figures. 

ppnrK nESrHIPTlC™ ""^ FIGURES 

Rgdre , isapicntremagmfiedZSOOrimesofafineLCPdiaperrionwifitmaPPO^P 

atestbar. There are partic.es present fiom around 0.1 -5 nricrons in. eng*. _ 

Figure s 2-9 show various micrographs obtained from a tensUe test bar molded ftom 
25 dmpe.letsofFigure 1. Trie bulk of the materia, is represented by similar morphology as m 

Fi ^ 1 ri gures2and3ar=mic ro graphsofmeco re ofme.e»rilebara,u,e & xendorendof 

mnsile bar farthest fiom the injection gate 

Figur es 4 and 5 show the tensile bar morphea in rite near core or me core near m. 

" 6-9 show the area of the mo!ded bar at the very outer edge or skin layer. 
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rrT ■ ,r git nrrsr».n>TION OF PREEESBEB EMBODIMENTS 

We have found that improved .racking index ean be aehieved with other desirable 
charac.eris.ics of PPO and LCP in a polymer blend composition comprising a PPO 
component, an LCP component, and a non-conductive filler component Our polymer Mends 
m ay a.so contain brightness enhancing agents and other conventional additives, Prefened 
processes, morphologies, and applications of our polymer blends are also set forth below. 
PPO Component 

PPOs or polyphenylene oxides (also known as polyphenylene ethers) used m the 
present invention are a well-known class of polynws. PPOs are produced from the ox.da.rve 
coupling polymerization AM-MM V*+-*~ " 

earned ou, by a process analogous to known processes starting fiom the correspondnrg 
pheno., Methods of preparation suitable for mis purpose are described, for example, m U.S. 
Patent Nos. 3,228,910, 

3 491 058 3,507,832 and 3,455,736, each of which are hereby incorporated by reference. 

' PPOs are linear amorphous polymers with a glass transition temperature of about 
2,0" C PPOs arewidelyusedin industry, especially as engineering plastics in applrcahons 
requinng toughness and heat resistance. In a preferred embodiment, the PPOs are 
unfunctionalized PPOs, being polymers with the repeat unit 




each of R 1 R 2 R J and R< are hydrogen or hydrocarbyl containing to 6 carbon atoms. In the 
most preferred embodiment, R 1 and R 4 are methyl and R 2 and R 2 are hydrogen. Tie 
rationalized PPO does not have any added functional groups present (r.e, > 

for easier mixing are preferred. Lew molecular weigh. PPOs are also preferred. 

The amount of PPO in the blends of tire present invention is preferably 50 to 95 
weight percent, based on total weigh, of tire PPO and LCP polymers present in me blend. 
Tne amount of PPO is prefembly 30 to 90 weight percent, more preferably 35 .0 70 wcgh. 
pereenuandevenmorepreferably40«o65weigh.percen,basedonnretotolweigh.ofu,e 

polymer blend composition. 
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TCP Com ponent 

Thermotropic liquid crystalline polymers (LCP) are known in the art by various terms, 
including "liquid crystal" and "anisotropic melts." A polymer is optically anisotropic if, in 
the melt phase, it transmits li ght when examined between crossed polarizers using a 
. polarizing microscope. By "thermotropic" is meant that the polymer exhibits liquid 

crystalline properties in the molten phase. 

The LCP polymers useful herein include thermotropic liquid crystalline polyesters and 
liquid crystalline polyCester-amides), poly(ester-imide), poly(e S ter-arnide-irnide), or mixtures 
thereof. These terms have their usual meaning, and simply indicate that the repeat units m the 
polymer are joined by ester and optionally amide and / or imide linkages. Preferred polymers 
are liquid crystalline polyesters , and it is further preferred that these polyesters be aromatic 
polyesters. By "aromatic" is meant that, except for the carbon atoms contained in functional 
groups such as ester, amide or imide, all of the carbon atoms in the main chain of the polymer 
are present in aromatic rings such as phenylene, naphthylylene; biphenylene, etc. Carbon 
, atoms in other types of groupings such as alkyl may be present as substituents on the aromatic 
rings as in a repeat unit derived from methylhydroquinone or 2-t-butyl-4-hydroxybenzo 1 c 
acid, and/or also present at other places in the polymer such as in n-alkyl amides. Other 
substituent groups such as halogen, ether, and aryl may also be present in the LCP. 

As the components of the wholly aromatic polyester used in the LCP compositions of 
0 the present invention, there may be used for example: i) hydroquinone; ii) 4,4'- 
dihydroxybi P henyl(4, 4'-biphenol); iii) isopthalic acid; iv) terephthalic acid; v) p- 
hydroxybenzoic acid or its derivatives; vi) 4,4'.dihydroxybi P henyl (4,4-bibenzoic acid) or Us 
derivatives; viii) 2,6-naphthalenedicarboxyUc acid; iv) 6-hydroxy-2-naphthoic acid, or 
combinations thereof. These components are all known in the art and are cornmercially 
IS available or can be prepared by techniques readily available to those in the art. 

The amount of LCP in the blends of the present invention is preferably 5 to 50 weight 
percent, based on the total weight of the PPO and LCP polymers present in the blend. The 
amount of LCP is preferably 2 to 50 weight percent, more preferably 4 to 10 weight percent, 
and even more preferably 5 to 8 weight percent, based on the total weight of the polymer 
30 blend composition. 
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The PPO component and the LCP component combined comprise preferably 20 to 80 
weight percent, more preferably 35-75 weight percent, and even more preferably 50-70 
weight percent, based on the total weight of the polymer blend composition of our invention. 
Filler Component 

5 The amount of non-conductive filler present in the polymer blends of the present 

invention is an amount sufficient to achieve a CTI rating of preferably at least 220 volts, more 
preferably at least 250 volts, even more preferably at least 275 or 300 volts, and most 

preferably at least 325 or 350 volts. 

Preferred non-conductive fillers include titanium dioxide, calcium sulfate, or mixtures 
10 thereof. A preferred titanium dioxide comprises a chloride process rutile type titanium 
dioxide. 

Typically, the level of the non-conductive filler may range preferably from 20 to 80 
weight percent, more preferably from 25 to 65 weight percent, and most preferably from 30 to 
50 weight percent, based on the total weight of the polymer blend composition of our 
15 invention. 

A preferred non-conductive filler combination for use in the LCP compositions of the 
present invention is a mixture of titanium dioxide and calcium sulfate in an amount of about 
30 to 40 wt. % of the total weight of the polymer blend composition, with the titanium 
dioxide being present in an amount of about 5 to 10 wt. % of the total weight of the polymer 

20 blend composition. 

Preferably, the calcium sulfate has a mean particle size of about 4 microns and the 

titanium dioxide has a particle size of about 02 to 0.4 microns. 
O ptional Brightnes s Enhancing Agent 

We have found that when a brightening agent was added to the PPO-LCP blends, 
25 there was noticeable improvement in the tracking properties. The boiling point of the 

brightening agent should be as follows: T bp > T ro -60 *C, where T bp is the boiling point of the 
brightening agent and T m is the melting point of the LCP. 

Brightness enhancing agents are also commonly known as fluorescent optical 
brighteners. They include, but are not particularly limited to, 2,2'-(thiophenediyl)-bis-(t-butyl 
30 benzoxazole); 2-(subyl-4><iiaphtho-l ^,4,5>l,2,3-tri a zole-2"-sulfonic acid phenyl ester, 
and 7<4^chJo ro -6•^diemylamino-1^3^5•-triazine-4•-yl)amino-3-phenyl coumarin. Other 
fluorescent optical brighteners which have one or more moieties derived from substituted 
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anchracene, stilbene, triazine, thiazole, benzoxazole, coumarin, xanthene, triazole, oxazole, 
thiophene or pyrazoline may be utilized in the LCP compositions of the present invent™. 

Examples of suitable optical brighteners which can be used in accordance with this 
invention are Uvitex® OB (from the Ciba-Geigy Chemical Company, Ardaley, N.Y.), which 
5 is thought to be 2 ,5-Bis(5-tert-butyl^^ 

benzoxazolyl)thiophene structure; Leucopure® EGM (from Sandoz, East Hanover, N J.), 
which is thought to be 7K2h-naphmol(l,2-d)-triazol-2yl).3phenyl-coumarin; Phorwhite® K- 
20G2 (from Mobay Chemical Corporation, Union, N.J.), -hich is thought to be a pyrazohne 
derivative- and Eastobrite® OB-1 (from Eastman Chemical Products, Inc. Kingsport, Term.), 
,0 which is thought to be 4,4-Bis(benzoxaczoly)stilbene. Tfre above-mentioned Uvitex® OB ,s 
most preferred for use in accordance with this invention. 

A concentration of greater than about 0.005 weight percent, and preferably from about 
0 005 to about 0.3 weight percent, based on the total weight percent of the polymer blend, of 
a high-boiling brightness enhancing agent, or fluorescent brightener, is preferred. We have 
15 found that such extraordinarily small amount of fluorescent brightener when used m 

combination with the non-conductive filler, not only substantially enhances the appearance of 
the material, but also further improves the CTI rating of the blends. 
Other additives : 

Additives that are normally added to polymers may also be added to the 
20 LCP/PPO/non-conductive filler blends described herein. Such additives include reinforcing 
agents, pigments, dyes, antioxidants, lubricants, flame retardants, and colorants such as 
anthraquinone, direct dyes, para red, and the like. Preferred fillers and/or reinforcing agents 
include talc, glass flake, glass fiber, aramid fiber, and the like. 

Compatibilizers for the blends may also be added, and a preferred compatibilizer rs a 
25 functioned ethylene copolymer E/X/Y containing: 45-99 weight percent E ethylene; 0-40 
weight percent X which is one or more softening monomers chosen from C1-C10 esters of 
acrylic or methacrylic acid; and 1-15 weight percent Y which is a co-monomer chosen from 
the group consisting of glycidyl acrylate, glycidyl methacrylate and glycidyl vinyl ether. 
rrrfrTT „, P ^ nf Wiph C TT T rT/PPO/Non-Conriuctive Filler Blends 
30 A preferred preparation method involves consideration of two important factors in 

achievingpreferredblends,namely: 1) relatively high shear mixing (sometimes also called 
intensive dispersive mixing) of the components; and 2) the viscosity matching of the LCP and 
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PPO components of the blends. See, for example, PCT WO 99/02607, which is hereby 

incorporated by reference. 

High shear mixing is known in the art, see for instance W. Thiele, Plastics 
Fonnulating & Compounding, vol. 2 (1996), p. 14-19. Although not necessary, such mixing 
may be conveniently carried out in a twin-screw extruder equipped with the proper 
combination of mixing elements. Such elements and their combination are known in the art 
(see for instance Thiele), and are also described herein in the Examples. 

By viscosity matching or "viscosity matched" is meant that at least for some part of 
the process where melt mixing and dispersion of the polymers may take place, the LCP and 
PPO have approximately the same effective (melt) viscosity. This can be achieved for 
instance by using one or more of the following methods: 

a) Adjusting the molecular weights (MW) and/or the molecular weight 
distributions (MWD) of the LCP and/or PPO: The MW and/or MWD are adjusted so that 
they exhibit comparable melt viscosities in some part of the mixing process. This often may 
mean raising the LCP molecular weight and/or lowering the PPO molecular weight, since the 
more common grades of LCP tend to have lower viscosity than the common grades of PPO. 

b ) Selecting the proper LCP melting point: Another approach is to choose an 
LCP with a melting point between about 300-350°C. This corresponds to the temperature 
range where PPO becomes substantially melt processible. Substantially melt processible 
means the PPO viscosity is less than about 400 Pa*s at 1000 1/s. The LCPs with melt points 
between about 300°C-350°C may form higher performance blends with PPO more easily than 
lower melting LCPs. It is hypothesized that the PPO may soften first, before the LCP melts. 
As the LCP begins to melt the chance for phase inversion occurs which should tend to 
maximize interfacial area. It is hypothesized to be advantageous to operate the melt 
compounding process such that this maxima in interfacial area occurs (which should also 
coincide with transient viscosity matching) whilst subjecting the blend to a relatively high 

level of dispersive mixing. 

c) Adjust mixing speed to coincide with high-shear dispersive mixing: For 
LCPs melting below about 300 *C the compounding process may be run so that the solid state 
, mixture of the feed ingredients is subjected to relatively high shear dispersive mixing before 
the LCP melted. In this way, the LCP melting transition coincides more closely with high 
shear dispersive mixing with the PPO. Another approach that is useful is to add the low 
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melting but unmelted LCP to a preheated PPO or substantially molten PPO in a way that the 
mixture rapidly encounters relatively high shear dispersive mixing before the LCP melts. 
Prrffrr^ M™phn1opv of Blends 

Preferably, the LCP is present in our blends as discontinuous phases or discrete 

5 particles. 

Figures 1-9 show electron micrographs of aPPO-LCP hlend without the non- 
conductive Slier present to give a clearer picture of ft. nature of such a preferred polymer 
blend matrix 

In the Fissures, the PPO is the dark background material with the LCP parttcles 
,0 appearing as even darker spots embedded in the PPO. The white spots ate holes where LCP 
has fallen out of the matrix during microtoming (those skilred in the art recognize thts 
phenomena is no, unusual). The white spots can reasonably be assumed ,0 be representative 
of ft. size of ft. LCP that was pr«ent before microtomtag. Indeed, in some of the ptctures 
the LCP has popped ou, of the hole bn, is still visible in the picture nearby. The mtcrographs 
15 were taken a. 2500X magnification except for Figure 6 which was obtained a. 5000X 

in a 1 lpic.nresexc ql tFigure6wher.ft.barscales,o 1 micron. The PERP deaignation 
indicates the sample was sliced perpendicular to the flow direction whilst the PARA 
designates the cut was made parallel to the melt flow. 
20 " The finely dispersed LCP phase has similar particle size and shape in fte pellet 

(Figure 1) and throughout fte bulk of fte tensile bar molded therefrom (Figures 2-9; in Ftgnre 
me actual original bar surface is visible a. ft. bottom of ft. micrograph). Thus, ft. finely 
dispersed LCP phase is stable wtftin ft. injection molding time scale. 

Examination of ft. morphology of tensil. bar samples of preferred embodiments of 
25 our invention shows ft. formation of di*re* particle, or droplets that are mostly sphencal or 
eUipsotdal in nature with major diameter of abou, 0.1-5 microns in both fte parallel or 
inmsvars. directions, as shown in Figures 1-5. The LCP domains appear to b. ft. sam. tn 
either fte parallel or transverse directions in thcbulk cor. of ft. t.s. samples. On ft. skm 
surface of tea, sp.cim.ns or in very thin samples, ft. LCP component is obs*v.d to he 
30 sph-triea. or ellipsoidal particle or droplets as well aa in fte form of discrete particles wtft 
higher asp** ratios (non-limiting .xamples of which are shown in Figures 6-9). The exact 
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morphology in the surface will depend upon the test part geometry, and we employed the 
following particle size analysis method in obtaining Figures 1-9. 
Particle Siz * Analysis Method 

Compositions were injection molded according to the procedure given below into 
ASTM D 638 Type 1 Tensile bars with 3.18 mm (0.125 m.) thickness and overall length of 
21.9 cm (8.625 in.). The injection gate is on the edge of the bar at about 3.2 cm (1.25 in.) 
along the major axis from one end of the tensile bar hereafter identified as the near end. The 
gate dimensions were approximately 6.4 mm (0.25 in.) in length by about 2.54 mm (0.100 in.) 
thick with the gate being flush with the bar surface opposite the knock out pins. The lad. 
bar was cut or sectioned about 2.5 cm (1 in.) from the far end (the other end without the 
injection gate) across the bar or transverse to the flow direction (i.e. perpendicular to the 
major axis of the bar). This cut is made in the wider portion of the tensile bar [1.9 cm. (0.75 
inch) wide]. The sectioning was performed cryogenically at -90 °C using a Reichert-Jung 
Ultracut microtome equipped with a diamond-edge knife. Section thickness was about 8-10 
um Particle size analysis was conducted on: a) core sections obtained about at least 0.64 
mm (0.025 in.) from the original surface of the bar; and b) surface skin sections obtained 
about 1 0 -20 microns from the surface. 

The sections obtained were affixed between glass slides and coverslips using Canada 
balsam and photographed using phase contrast bright field and polarized light illumination on 
a Leitz® optical microscope. Magnifications of either 50x or lOOx were thenused for unage 
analysis of preferred compositions of the invention. 

Transmission Electron Microscopy (T.E.M.) was used to generate images for the 
compositions. Particle size was determined using a Cambridge Instruments Quantimet® 970 
image analysis system. The photographed images generated by optical microscopy or T.E.M. 
are then digitized using a high resolution video camera. The field size used was typically 
800x625 pixels. The system was normally calibrated using an image of the calibrate scale 
or by the scale marker located directly on the optical micrographs. This image is then 
segmented to form a binary (on-off) image of the features of interest. The image is 
subsequently analyzed using a program which yields the various dimensional parameters of 
interest This program is readily understood by an artisan skilled in image analysis. A good 
source of information about image analysis can be found in the book: "Practical Stereology" 
by John C. Russ, Plenum Press, NY, 1986. 
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Preferred Applications 

Compositions of our invention may be used alone as molding pellets or mixed with 
other polymers. The pellets may be used to produce fibers, films, and coatings as well as 
injection molded or extruded articles, particularly for electrical or electronic applications 
5 requiring high tracking resistance properties, such as solderable electronic components and 
circuit breakers. 

EXAMPLES 

The following examples illustrate preferred embodiments of our invention. Our 
invention is not limited to these examples. 

10 Materials used: 

In the Examples certain materials are used. They are summarized below: 
PPO: The PPOs used were obtained from General Electric Co., Stamford, CT, U.S.A. 
Noryl®640 also referred to as PPO640 in this application is a 0.4 LV. poly(phenylene oxide) 
and was used for all the examples except as otherwise noted:Noryl®630 also referred to as 
PPO630 was used in one example in Table 2 and also in the Figures. The composition in the 
Figures is 90% PPO630 and 10% LCP, with no fillers present. 

LCP: The LCP polymer comprises hydroquinone/terepthalic acid/isopthalic acid/2,6- 
napthalenedicarboxyUc acid/4-hydroxybenzoic acid. 

One of the non-conductive fillers used is a chloride process rutile type titanium 
dioxide available from SMC Corp. of Baltimore, Md. as Tiona® RCL-4, with 97% Ti02 
and with surface treated with alumina and an organic substance. 

Another non-conductive filler used is an anhydrous calcium sulfate available from 
U.S. Gypsum Co., Chicago, IL, U.S.A., as CAS-20-4, having an average particle size of 4.0 
microns and a maximum size of 20 microns. 

The brightening agent is from Ciba-Geigy Chemical Company, Ardaley, N.Y. as 
Uvitex® OB, which is a fine, yellow crystalline powder with a melting point of about 196- 
230°C. The material vaporizes starting at about 300°C. 
Blend And Test P art Preparation 

Unless otherwise specified, compounding of LCP compositions in the Examples 
below with PPO and the non-conductive filler and optionally in some examples, the 
brightening agent, was done using a 30mm Werner & Pfleiderer Model 10YHD (Werner & 
Pfleiderer, 663 E. Crescent, Ramsey, NJ 07446 U.S.A.) twin screw extruder with LCP's dried 
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at about 150°C-165 °C in a nitrogen purged vacuum oven for about 12 h (or overnight). The 
extruder was operated at 250-300 rpm with feed rates of about 1 1.3 kg (25 lb)/hr. The 
extruder has 9 barrel sections. The first barrel is the main feed barrel where the poymers are 
added and is typically water cooled. Temperature profiles for the remaining 8 barrels are 
290-C, 290°C, 320-C, 320»C, 310, 310°C, 310»C, 3KTC and 335'C for the die. A 3.2mm 
(1/8") or 4.8 mm (3/16") dia. one hole die was used. A single screw side feeder was used to 
add the non-conductive fillers to barrel 5 and a vacuum was pulled on barrel 7. The extruded 
strands were quenched in a water trough cooling bath, cut into pellets, dried at 120°C 
overnight and subsequently injection molded into test bars. 

In examples utilizing the brightening agent, the agent was first mixed with about 1/8 
to 1/3 of the required non-conductive filler and this concentrate was then diluted with the 
remaining filler to ensure even distribution of the brightening agent. This filler/brightening 
agent mixture was then added through the sidefeeder to the extruder. 

As previously discussed, it is preferred that the components be thoroughly blended at 
relatively high shear mixing and the ingredients be sufficiently viscosity-matched for 
maximum dispersion. Thus, the following extrusion screw design as shown in Table I is 
typical of the type used. 
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Table 1 




10 



Tests : 

Melt viscosities of dried samples were determined using a Galaxy6 V, Model 8052 
capillary rheometer made by Kayeness, Inc. The measurements were made at 350°C or 360° 
C at a shear rate of 1 000 1/sec and with a die having an orifice of 30/1 000 inch and a UD of 
20. 



The following physical tests described herein were 



carried out according to procedures 



established by the American Society for Testing and Materials (ASTM), including: 
Flexural Modulus and Flexural Strength - ASTM D-790. 
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Tensile strength and elongation was measured on 3.2 mm (1/8") thick tensile bars 
with a crosshead speed of 0.51 cm (0.2")/min according to ASTM D638-91. Strain gauges 
were used to accurately determine elongation. 

DTUL (Heat Deflection Temperature) - ASTM D-648. 

Comparative Tracking Index (CTI) test was in accordance to ASTM UL 746A to 
determine a specimen's ability to perform as an insulating material under wet and 
contaminated conditions, as volts of electricity which may be applied before tracking takes 
place in the polymer sample. The maximum voltage that can be measured in a CTI test is 600 
volts. 

Surface Appearance: This was a visual observation test, with the notation "+" 

indicating higher ratings: 

"++": No blemish, excellent color and cosmetic appearance. 

"+": Slight or no blemish with good color and cosmetic appearance. 

Blemishes observed and acceptable or poor appearance. 
Results are shown in Tables 2 - 4 below. 
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Table 2 



30-1 



30.2 



30-3 
304 



30-6 



LCP I PPO I Ti02 I CaS04 
wt.% wt.% wt. % I Wt % 
100 0 o I 0 
To.27 I 89.73 I 0~ I 0 



7.19 I 62.81 



7.19 I 62.81 



30 
22.5 



7.5 



7.19 I 62.81 



15 
223 
~2S~ 



30-7 



40-1 



40-4 
40-5 



7.19 I 62.81 



30 



40 
lo" 



Tensile 
Strength 



9891 



Elong. I Fix St I Fix. 

Mod. 



DTUL 



9198 



8556 
"8337 
7518 



4.54 | 15830 476100 
14860 525700 



3.05 



184 
184 



7.24 
5.05 



15990 519800 
15570 552100 



186 
TIT 



8.54 



7673 



9246 



4.36 



2.16 



6.16 I 53.84 
6.16 I 53.84 



6.16 I 53.84 

"6.16 53.84 

5 1 |44.9 

5.1 I 44.9 



8235 
7157 



7171 
6712 



14510 I 596700 I 181 
14430 581200 I 185 



3.59 I 15440 I 605900 I 185 
4.08. Ll 6250 616700 1 186 



CTI 
Volts 

150 
13o" 



325 
~325~ 



300 



325 



300 
250 



275 



15690 600500 
14570 1665400 



538 I 14460 1 662700 
5.13 1 13990 I 710800 

TT 



300 
350_ 
125* 
175" 



275 



The rest results in Table 3 shows that the addition of a small amount of brightenmg 
agen, increases the track index performance and improves the comparative tracking mdex 
performance of Example 40-4, comprising 116 wt % LCP, 53.84 wt % PPO, 10 wt % 



Table 3 




Wt %Ad<Tl Filler 


CTI volts 


NONE 


325 


0.015 Carbon black 


325 


0.015 Carbon black + 0.04 Uvitex 


375 


0.02 Carbon black + 0.04 Uvitex 


[ 375 


~0.02 Carbon black + 0.06 Uvitex 


375 


5 BaS04 


275 
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The presence of Ti02 in the compound is observed to enhance the cosmetic 
appearance of the molded items made with these compounds. The material ofExample 50-8 
with no Ti02 has patches and blemishes on the surface while the materials from Examples 
50-7 and 5-6 show superior cosmetic appearances as reported below- 



Table 4 




10 



As is apparent from the foregoing description, the materials prepared and procedures 

-followed feiate only to preferred embodiment, of our invention. While formate. 

invention have been illustrated and described, modifications can be made without departing 
from .he spirit and scope of the invention. Accordingly, i. is no. intended that our invention 
be limited thereby. 
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CLAIMS 

What is claimed is: 

1 . A polymer blend, comprising: 

(a) 50 to 95 weight percent, based on the total weight of components (a) and (b), 

of poly(phenylene oxide); 

(b) 5 to 50 weight percent, based on total weight of components (a) and (b), of 

thermotropic liquid crystalline polymer, and 

(c) non-conductive filler, in an amount sufficient to increase the comparative 
tracking index (CTI) rating of the polymer blend to above 220 volts. 

2. The polymer blend of Claim 1, wherein said thermotropic liquid crystalline polymer is 
present in the polymer blend in discontinuous phases or discrete particles. 

3. The polymer blend of Claim l, wherein said non-conductive filler comprises at least 

one of titanium dioxide or calcium sulfate. _ 
" 4. The polymer blend of Claim 3, wherein said non-conductive filler comprises titanium 

dioxide and calcium sulfate. 

5 The polymer blend of Claim 4, wherein said non-conductive filler is present in an 
amount of 30 to 40 weight percent, based on the total weight of the polymer blend, and said 
titanium dioxide is present in an amount of 5 to 1 0 weight percent, based on the total weight 
of the polymer blend. 

6. The polymer blend of Claim 4, wherein said titanium dioxide comprises a chloride 
process rutile type titanium dioxide. 

7. The polymer blend of Claim 1, wherein said non-conductive filler is present in an 
amount of 20 to 80 wt. % of the total weight of the polymer blend. 

8 The polymer blend of Claim 1, further comprising at least one fluorescent optical 
brightener in an amount of greater than 0.005 wt. % of the total weight of the polymer blend, 
said brightener having one or more moieties derived from substituted anchracene, stilbene, 
triazine, thiazole, benzoxazole, coumarin, xanthene, triazole, oxazole, thiophene or 
pyrazoline, and having a boiling point T bp > T m -60C, where T m is the melting point of the 
LCP. 

9. The polymer blend of Claim 8, wherein said comparative tracking index (CTI) rating 
of the polymer blend is at least 375 volts. 
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10. The polymer blend of Claim 9, wherein said fluorescent optical brightener comprises 
2,5-Bis(5-tert-butyl-2-benzoxazoly)thiopene having bis(alkyl-substituted 
benzoxazolyl)thiophene structure. 

11. A molded article comprising the polymer blend of Claim 1 . 

12. An electronic or electrical apparatus, comprising a component comprising the polymer 
blend of Claim 1. 

13. A circuit breaker comprising the polymer blend of Claim 1. 
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